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Edited by Richard CogdellAbstract Clostridium acetobutylicum, an obligatory anaerobe,
is able to grow microoxically with the accumulation of two func-
tionally unknown O2-induced proteins identiﬁed by two-dimen-
sional electrophoresis. One was determined to be a novel type
rubrerythrin-like protein, named rubperoxin (Rpr) in this study,
that conserves one rubredoxin-type Fe(SCys)4 site per polypep-
tide in the N-terminus. Recombinant rubperoxin expressed in
E. coli puriﬁed in its oxidized form is a dimer with optical
absorption maxima at 492, 377, and 277 nm. Reduced rubper-
oxin is rapidly and fully oxidized by a half molar ratio of
H2O2 per mole protein, and slowly oxidized by t-butyl hydroper-
oxide and O2. Cell-free extracts from microoxically grown cells
eﬃciently reduce rubperoxin when NAD(P)H is used as the elec-
tron donor (preferentially reduced by NADH). These results
strongly suggest that rubperoxin is involved in NAD(P)H-depen-
dent H2O2 detoxiﬁcation in vivo.
 2007 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Normal rubrerythrin, with a conserved rubredoxin-type
[Fe(SCys)4] site in the C-terminal region, was originally identi-
ﬁed in the anaerobic sulfate reducing bacterium Desulfovibrio
vulgaris [1], and is widely distributed in anaerobic bacteria
and archea [2–7]. The various activities of rubrerythrin have
been described including its pyrophosphatase [8], ferroxidase
[9], and superoxide dismutase [2] activities; however, recent re-
ports assumed its true function as a H2O2 reductase by receiv-
ing electrons from possible electron donor proteins such as
rubredoxin and NADH:rubredoxin oxidoreductase [7,10–12].
Recently, a rubrerythrin-like protein was identiﬁed in Clostrid-
ium acetobutylicum, and found to be dramatically induced
when the bacteria are shifted from anoxic to microoxic growth
conditions [13,14]. This O2-responsive rubrerythrin-like pro-
tein shows low homology with normal rubrerythrin and a con-
served rubredoxin-type [Fe(SCys)4] site in the N-terminal
region [13,15]. Both proteins are well separated phylogeneti-
cally [7]. By BLAST search, genes encoding the N-terminal-
type rubrerythrin were found in the genomes of only some*Corresponding author. Fax: +81 3 5477 2764.
E-mail address: kawashin@nodai.ac.jp (S. Kawasaki).
0014-5793/$32.00  2007 Federation of European Biochemical Societies. Pu
doi:10.1016/j.febslet.2007.04.050anaerobic bacteria such as Clostridium, sulfate reducers, and
Bacteroides (described in the text). None of these proteins
has been puriﬁed or characterized as to function.
In this study, an O2-responsive N-terminal-type rubreryth-
rin-like protein was expressed in E. coli, and its enzyme func-
tions in oxidative stress responses were investigated.2. Materials and methods
2.1. Cloning, expression and puriﬁcation of rubperoxin
The gene CAC3598 was ampliﬁed from a genome as a template by
polymerase chain reaction (PCR) with primers Rpr-N (ATGAAA-
AAATTTAAATGTGTTG) and Rpr-C (AAACCTCTGAAAGCA-
GAACC). The ampliﬁcation conditions involved a hot start at 94 C
for 1 min followed by 30 cycles of 30 s at 94 C, 30 s at 55 C and
1 min at 72 C and a ﬁnal extension at 72 C for 10 min after the ﬁnal
cycle. The PCR product was puriﬁed and ligated into pET7Blue vec-
tor, resulting in plasmid pRpr1A, which was transferred into E. coli
BL21 (strain Tuner DE3, Takara, Japan). Overexpression of the rub-
peroxin coding gene was performed by growing the strain at 37 C in
Luria–Bertani broth containing ampicillin (50 lg/ml). When the cul-
ture reached an optical density at 660 nm (OD660) of 0.7, the gene
was induced by adding 1 mM isopropyl-b-D()-thiogalactoside and
incubating for an additional 3 h. The induced cells harvested from
10-liter cultures (20 g) were washed once with 50 mM Kpi buﬀer, pH
7.0, containing 0.1 mM dithiothreitol (DTT), and then resuspended
in 60 ml of the same buﬀer. All puriﬁcation procedures were carried
out at 4 C or on ice. Cell-free extracts (CFE) were obtained after
the french press (140 MPa) by removing cell debris by centrifugation
at 15000 · g for 15 min. The CFE was fractionated by the stepwise
addition of solid ammonium sulfate (10–30%). The precipitate ob-
tained after centrifugation at 30000 · g was dissolved in 50 mM potas-
sium phosphate buﬀer (pH 7.0) containing 0.2 mM PMSF and 0.1 mM
DTT. The enzyme solution was applied to a Butyl-TOYOPEARL
650 S column (2.5 · 37 cm) (TOSOH, Tokyo, Japan) and eluted with
a linear gradient of 700 to 0 mM ammonium sulfate dissolved in the
same buﬀer. The red fractions chosen for further puriﬁcation were col-
lected, combined, and applied to a hydroxyapatite column
(3.5 · 20 cm) (Wako, Tokyo, Japan). The column was then sequen-
tially washed with 50 mM and 100 mM sodium phosphate buﬀer
(pH 7.0), and the enzyme was eluted with 150 mM sodium phosphate
buﬀer (pH 7.0). The red fractions were concentrated with Centrisart
(10000 Da cut_oﬀ; Sartorius, Germany), and the enzyme purity was
checked by sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS–PAGE) with Coomassie Brilliant Blue staining.
2.2. Determination of native molecular weight, protein concentration and
metal content
The molecular mass of the recombinant protein was determined by
size exclusion chromatography using a Superdex 200pg HiLoad col-
umn (Amersham, Japan). The mobile phase was 50 mM Kpi buﬀer,
pH 7.0, 0.15 M NaCl. The column was calibrated using Gel Filtration
Chromatography Molecular Weight Standards (Amersham, Japan),
consisting of Myosin (205 kDa), phosphorylase b (97 kDa), BSAblished by Elsevier B.V. All rights reserved.
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tinin (6.5 kDa). The puriﬁed recombinant protein was subjected to gel
ﬁltration, and the main red elution peak was calculated to be a dimer
(45 kDa). Another small red elution peak (expected to be the monomer
protein, approximately 1/30 the volume of the dimer elution peak) was
detected and collected separately from the dimer protein fraction. The
following experiments were performed using the dimer protein. The
puriﬁed protein was desalted by passage through a gel ﬁltration col-
umn PD-10 (Amersham, Japan) eluted with 50 mM Kpi buﬀer, pH
7.0, and then used for further enzyme characterization. UV/Vis
absorption spectra were recorded on a Beckman DU70 spectropho-
tometer (Beckman Coulter, Japan) using 1-cm-path-length quartz cuv-
ettes. The molar absorption coeﬃcient at 492 nm was determined for
rubperoxin by averaging the quantities of alanine, proline, valine, thre-
onine, and tyrosine from quantitative amino acid analysis performed
at Toray Research Center Inc. (Kamakura, Japan) using a Hitachi
model L-8500 amino acid analyzer (Hitachi, Tokyo, Japan). The de-
rived amino acid composition of the puriﬁed recombinant protein
was completely identical to that deduced from the nucleotide sequence
of gene CAC3598. The metal content of rubperoxin was analyzed at
the Toray Research Center, Inc. (Kamakura, Japan) using a Hitachi
model Z5700 Graphite Furnace atomic absorption spectrometer (Hit-
achi, Japan) and a Seiko Electronics model SPQ9000 ICP mass ana-
lyzer (Seiko, Japan). Data are the means of duplicate experiments.2.3. Anaerobic titration
UV/Vis absorption spectra were recorded on a Beckman DU70 spec-
trophotometer. All titrations were performed under anaerobic condi-
tions at 25 C using 1-cm-path-length anaerobic quartz cuvettes. All
experiments were performed under an atmosphere of O2-free argon
prepared by passing 99.9999% argon through a Gas-clean column
(O2 trapper, Nikka Seiko Co, Tokyo, Japan) at 25 C. The anaerobic
enzyme sample, in 50 mM potassium phosphate buﬀer, pH 7.0, was
prepared in an all glass apparatus by sequential evacuation and re-
equilibration with O2-free argon. Sodium dithionite and H2O2 solu-
tions were prepared in the same buﬀer. Stoichiometric reduction of
Rpr was accomplished by the anaerobic titration of sodium dithionite.
The titrations were continued until the spectrum of fully reduced Rpr
was reached, but before the absorption of unreacted dithionite was ob-
servable by an increase in absorption at 326 nm; the absorption at
326 nm remains unchanged until unreacted dithionite is formed
(Fig. 2). The reduced form of the enzyme is titrated by H2O2. The
H2O2 concentrations of stock solutions were determined spectrophoto-
metrically using e240 = 43.6 M
1 cm1.2.4. Enzyme assay
The rates of oxidation of reduced rubperoxin by H2O2, alkylhydrop-
eroxides, and O2 were determined using O2-free techniques and com-
pletely reduced rubperoxin. Completely reduced rubperoxin was
prepared by adding excess sodium dithionite to the rubperoxin solu-
tion (10 equiv. to rubperoxin), and then desalting the sodium dithionite
by passage through a gel ﬁltration column PD-10 (Amersham, Japan)
eluted with 50 mM Kpi buﬀer, pH 7.0, under argon atmospheric con-
ditions. The H2O2 and alkylhydroperoxide solutions were degassed by
repeated exchange of the head-space gas with O2-free argon on a vac-
uum manifold. O2-saturated buﬀer was prepared by purging buﬀer
with 100 % O2 at 37 C and sealing the buﬀer bottle with a rubber tube.
A 1/5 volume of O2-saturated buﬀer (O2 concentration 1065 lM at
37 C) was added to the enzyme solution, and the enzyme reaction
was followed under the assumed conditions of 213 lM dissolved O2.
Enzyme oxidation after the addition of H2O2, alkylhydroperoxides,
or O2-saturated buﬀer was followed at 37 C as a function of time at
492 nm using Shimadzu U-160 spectrophotometer (Shimadzu, Kyoto,
Japan). Reagents were added from concentrated stock solutions to
minimize dilution eﬀects via a gas-tight syringe. In order to minimize
the handling time before the start of monitoring, the oxidant was
added to the anaerobic reaction mixture in a cuvette through a pre-
connected syringe, and the solution was mixed by drawing the syringe
plunger quickly up and down in the dark room. Superoxide dismutase
(SOD) activity was followed by monitoring the inhibition of cyto-
chrome c reduction by superoxide generated by xanthine/xanthine oxi-
dase at 37 C as described [14,16,17]. One unit of SOD activity is
deﬁned as the amount of protein that inhibits the rate of cytochrome
c reduction by 50%. Superoxide reductase (SOR) activity was assayedin the same way as SOD activity except that the reduced form of rub-
rerythrin was used. During the measurement of the SOR reaction, the
auto-oxidation of rubperoxin by dissolved O2 in reaction buﬀer was
calculated to be negligible according to the reaction properties of re-
duced rubperoxin with O2.2.5. Reaction of Rpr in the presence of cell extract
The methods of harvesting C. acetobutylicum cells before and after
aeration (0 min and 30 min after aeration with 3% O2  97 % N2 at
OD660 = 1.0) and the preparation of CFE from these cells have been
described previously [13,14]. All reaction procedures were performed
under anaerobic conditions using 1-cm-path-length anaerobic quartz
cuvettes. The anaerobic enzyme samples (Rpr and CFE), NADH
and NADPH solutions, and 50 mM potassium phosphate buﬀer, pH
7.0, were prepared in an all glass apparatus by sequential evacuation
and re-equilibration with O2-free argon. Enzyme solutions and
NAD(P)H solutions were introduced into anaerobic grass cuvettes
through a gas tight syringe.
Reactions were started by the addition of CFE (corresponds to
0.5 mg protein) in 50 mM potassium phosphate buﬀer (pH 7.0), and
then 80 lM of Rprox (24 nmol of Rprox) was added to an anaerobic
glass cuvette. Reduction of Rpr after the addition of 150 lM of
NADH or NADPH (ﬁnal reaction volume was 300 ll) was monitored
by the decrease in absorbance at 492 nm with a spectrophotometer
(Shimadzu U-160, Kyoto, Japan) at 37 C. One unit of NADH- and
NADPH-dependent Rpr reductase activity was deﬁned as the amount
of enzyme that catalyzes the oxidation of 1 lmol Rpr per minute.3. Results and discussion
3.1. Homology analysis of rubperoxin
A comparison of the amino acid sequences of the C. acetobu-
tylicum rubrerythrin-like protein (NP_35181) and D. vulgaris
rubrerythrin (U82323) [18,19] is shown in Fig. 1. The proteins
show 40% identity within the rubredoxin domain with four
conserved cysteine residues (Fig. 1A). Although the ferritin-
like domain in the C. acetobutylicum rubrerythrin-like protein
is shorter than that in D. vulgaris rubrerythrin, the two show
18% identity (Fig. 1B). The glutamine and histidine residues
(E20, E53, E94, E97, E128, and H131) identiﬁed in the ferri-
tin-like domain of D. vulgaris rubrerythrin as being involved
in Fe-binding are conserved, except for E97, in the correspond-
ing region of the C. acetobutylicum rubrerythrin-like protein
(Fig. 1B). To distinguish normal rubrerythrin from the C. acet-
obutylicum rubrerythrin-like protein, the protein is named rub-
peroxin (Rpr) in consideration of its protein structure and
peroxidase function as described later.
Rpr is encoded by two genes, rpr2 and rpr1, originally
named CAC3597 and CAC3598, respectively, in the C. acet-
obutylicum genome project. These two genes are tandemly
linked and transcribed dicistronically [13]. Rpr2 (Accession
No. NP_350180) and Rpr1 (Accession No. NP_350181) are
identical except for one amino acid residue: valine 50 in
Rpr2 is isoleucine 50 in Rpr1. Valine and isoleucine are both
hydrophobic amino acids and structurally related, so it is as-
sumed that the one amino acid exchange does not aﬀect the
enzymatic function or structure. A BLAST search using a
microbial genome database identiﬁed N-terminal-type rub-
rerythrin homologues only in the genomes of Clostridium
{Clostridium perfringens (CPE0082, CPE0689, CPE2618), C.
tetani (NP_781487), and Clostridium beijerincki (EAP58400,
EAP61122)}, Pelobacter {Pelobacter propionicus (EAO38207)},
Bacteroides {Bacteroides fragilis (YP_100457) and Bacteroides
thetaiotaomicron (NP_809129)}, and some sulfate reducers {Des-
ulfotalea psychrophila (YP_065392), Desulfuromonas acetoxidans
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Fig. 2. Eﬀect of H2O2 on the visible spectrum of rubperoxin. The
anaerobic microcuvette (300-ll ﬁnal volume) contained 80 lM Rpr in
50 mM Kpi buﬀer, pH 7.0. Rpr was initially titrated stoichiometrically
with sodium dithionite. Successive additions of H2O2 were performed.
After each addition, the spectrum was recorded. Lines from bottom to
top: no addition (stoichiometrically reduced by dithionite), 8 lM,
16 lM, 24 lM, 32 lM, and 40 lM of H2O2 as ﬁnal concentrations.
Further successive additions of H2O2 (more than 0.5 equiv.) produced
no further changes in the visible spectrum.
A. Rubredoxin motif
Cace Rpr1   1 ------------------MKKFKCVVCGYIYTGEDAPEKCPVCGAGKDKFVEVKDEGEGWADEHKIGVAK
Dvul Rbr   135 FLDFARNIKEGRVFLREQATKWRCRNCGYVHEGTGAPELCPACAHPKAHFELLGINW-COOH
.*..*  ***.. * .*** **.*.  * .*  . 
B. Ferritin like motif
Cace Rpr1 38 EGEGWADEHKIGVAKGVDKEVLEGLRANFTGECTEVGMYLAMARQADREGYPEVAEAYKRIAFEEAEHAS
Dvul Rbr  1 ------------MKSLKGSRTEKNILTAFAGESQARNRYNYFGGQAKKDGFVQISDIFAETADQEREHAK
. .  .... ... . *.**.   . *  .. **...*. .... . . * .* ***.
Cace Rpr1 KFAELLG-----------EVVVADTKTNLQMRVDAEKGACEGKK-ELATLAKKLNYDAIHDTVHEMCK
Dvul Rbr RLFKFLEGGDLEIVAAFPAGIIADTHANLIASAAGEHHEYTEMYPSFARIAREEGYEEIARVFASIAV
.. ..*              ..***..**   . .*.        ..* .*.. .*. *  .. ... 
Cace Rpr1 DEARHGSAFRGLLNRYFK-COOH
Dvul Rbr AEEFHEKRFLDFARNIKEGRVFLREQATKWRCRNCGYVHEGTGAPELCPACAHPKAHFELLGINW-COOH
*  * . * .. ..  .
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Fig. 1. Alignment of C. acetobutylicum O2-inducible rubperoxin (NP_350181, Cace Rpr1). and D. vulgaris ubrerythrin (U82323, Dvul Rbr). Identical
amino acid residues are indicated by asterisks, and similar amino acid residues are indicated by dots. Glutamine and histidine residues (E20, E53,
E94, E97, E128, and H131) identiﬁed in the ferritin-like domain of D. vulgaris rubrerythrin as being involving in Fe-binding are underlined. The
residues used for the calculation of identities are shown in large type.
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DSY3407)}. These species possess one to three genes encoding
orthologues of the N-terminal type rubrerythrin-like protein in
the genome, but none of these genes are tandemly linked as in
the case of C. acetobutylicum.
3.2. Puriﬁcation of rubperoxin
Recombinant C. acetobutylicum Rpr (Rpr1 encoded by rpr1)
was overexpressed in E. coli and puriﬁed. Coomassie Brilliant
Blue staining of the SDS–polyacrylamide gel following electro-
phoresis of the puriﬁed enzyme yielded a single band migrating
at approximately 22 kDa. Gel ﬁltration of the puriﬁed protein
yielded an estimated molecular mass of 45 kDa, demonstrating
that the recombinant Rpr is a homodimer. Fig. 2 shows the
UV–Vis absorption spectrum of the puriﬁed oxidized protein.
The spectrum exhibits maxima at 492, 377, and 277 nm.
ICP mass spectrometry revealed that the puriﬁed recombi-
nant Rpr contains 0.75 ± 0.03 mol of Fe atom and
0.25 ± 0.02 mol of Zn atom per mole protein (per monomer).
The molar extinction coeﬃcient at 492 nm was determined to
be e492 = 4466.67 M
1 cm1 (monomer).
3.3. Reaction of Rpr with hydrogen peroxide
Rprred was produced under anaerobic conditions by stoichi-
ometric reduction with sodium dithionite described in Section
2. Rprox was rapidly reduced by the addition of dithionite with
a decrease in red color, where the absorption peaks at 377 nm
and 492 nm decreased gradually until the amount of added
dithionite reached the point of stoichiometry. When a solution
of stoichiometrically reduced Rpr was titrated with hydrogen
peroxide, a rapid recovery of the red color was observed
(Fig. 2). In a H2O2 titration experiment, the addition of
0.5 mol of hydrogen peroxide per mole of protein produced
a complete recovery of the 377 nm and 492 nm absorption
peaks. This result indicates that the protein reduces H2O2 by
two reducing equivalents to H2O:
2Hþ þ 2Rprred ð1Rprdimer redÞ þH2O2
¼ 2Rubox ð1Rprdimer oxÞ þ 2H2O3.4. Reaction properties of rubperoxin with H2O2,
alkylhydroperoxides and O2
The reactivity of reduced Rpr (Rprred) toward H2O2,
alkylhydroperoxides and O2 was analyzed. The estimated oxi-
dation velocities of Rprred by H2O2, alkylhydroperoxides, and
O2 are listed in Table 1. Rprred was completely oxidized by a
half molar ratio of H2O2 per mole protein rapidly within 1 s
(80 lM Rprred and with 40 lM of H2O2). When Rprred was re-
acted with a half molar ratio of t-butyl hydroperoxide, the
reaction speed was very slow. Rprred (80lM) was very slowly
oxidized by dissolved O2 (213 lM O2, corresponding to the
air-saturated dissolved O2 concentration at 37 C). These re-
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Fig. 3. NADH- or NADPH-dependent rubperoxin reduction activity
in cell free extracts. The anaerobic microcuvette (300-ll ﬁnal volume)
contained 0.5 mg cell free extract (CFE) obtained from anoxically or
microoxically grown C. acetobutylicum cells. The decrease in the
absorbance at 492 nm was monitored after the successive additions of
80 lM Rpr and 150 lM NADH or NADPH. No reduction of Rpr by
150 lM of NADH or NADPH was observed in the absence of CFE.
Arrows indicate the times of reagent additions. Trace 1: NADH was
added to the cuvette containing CFE obtained from anoxically grown
cells. Trace 2: NADPH was added to the cuvette containing CFE
obtained from anoxically grown cells. Trace 3: NADH was added to
the cuvette containing CFE obtained from microoxically grown cells.
Trace 4: NADPH was added to the cuvette containing CFE obtained
from microoxically grown cells. The dotted line indicates an experi-
ment performed in the absence of Rpr.
Table 1
Oxidation speed of reduced rubperoxin (Rprred) by various electron
acceptors
Electron acceptor Oxidation speedc
H2O2
a Rapid (fully oxidized within 1 sd)
t-Butyl hydroperoxidea 0.2 lM Rpr/80 lM Rpr/min
Cumene hydroperoxidea Not reacted
O2
b 0.4 lM Rpr/80 lM Rpr/min
a80 lMRprred was reacted with 0.5 equiv. of electron acceptor (40 lM)
in an anaerobic cuvette.
b80 lM Rprred was oxidized in an anaerobic cuvette containing
213 lM dissolved O2 buﬀer.
cOxidation speed of Rprred was calculated as the amount of oxidized
Rpr per total amount of Rprred per minute.
dAfter the addition of H2O2 to a cuvette in a dark room, a maximum of
1 second is needed for handling (mixing the solution) before the start
of reaction monitoring.
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volved in H2O2 peroxidation. The reactivity of Rpr with super-
oxide produced by the xanthine/xanthine oxidase system was
determined by following the inhibition rate of cytochrome c
reduction by superoxide. A slight inhibition of cytochrome c
reduction, as evidenced by a decrease in the slope of the
DA550 versus time curve compared with the control reaction,
was observed when the reaction mixture contained both oxi-
dized and reduced forms of Rpr. The observed change in the
slope yielded an activity of 1.09 U/mg protein for the SOD
activity and 4.04 U/mg protein for the SOR activity. These
activities are very low compared to the values for either bovine
Cu, ZnSOD or E. coli Mn-SOD (2000–4000 U/mg protein) re-
ported previously [16,20], very unlikely to be involved in O2
scavenging.
3.5. Rubperoxin is preferentially reduced by NADH as opposed
to NADPH in cell free extracts obtained from
microaerobically grown strains
Puriﬁed Rpr was not reduced directly by excess amounts of
NADH or NADPH (10 lM of the oxidized form of rubper-
oxin was not reduced by 1 mM of NADH or NADPH) under
either aerobic or anaerobic conditions. Under anoxic reaction
conditions, when puriﬁed Rprox (80 lM) was added to CFE
prepared from cells exposed to 5% O2–95% N2 for 30 min,
the absorption peaks at 492 nm and 377 nm decreased upon
the addition of NADH or NADPH (150 lM) (Fig. 3). NADH
reduces Rpr in cell free extracts more eﬃciently than NADPH
(estimated NADH and NADPH -dependent Rpr reductase
activities were 75.6 mU/mg CFE and 12.6 mU/mg CFE,
respectively). When cell free extracts from anoxically grown
cells were used, the reduction of Rpr by NADH and NADPH
was very low (0.3–0.6 mU/mg CFE). These results indicate that
the electron donor protein that transfers electrons from
NAD(P)H to Rpr induced more than 100-fold in microoxically
grown cells.
3.6. Conclusions
We previously reported that the obligatory anaerobe, C.
acetobutylicum and C. aminovalericum, grow well under micro-
oxic conditions with a concomitant induction of anti-oxidative
stress enzyme activities including NAD(P)H oxidase and
NAD(P)H-dependent peroxide (H2O2 and alkyl hydroperox-
ide) reductase [14,21]. Especially, NAD(P)H-dependent H2O2reductase activities were induced more than 100-fold [14]. In
this study, a functionally unknown O2-responsive rubreryth-
rin-like protein was puriﬁed and characterized as a possible
protein involved in the NAD(P)H-dependent H2O2 reductase
activity but not in the NAD(P)H-dependent oxidase or alkyl
hydroperoxide reductase activities. Further investigations to
determine the proximal electron donor proteins of Rpr that
must be induced in response to O2 will help to clarify the
H2O2 detoxiﬁcation systems in C. acetobutylicum.
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